Magnetic printing is a promising way to write servo signals with high speed, high accuracy and low cost to fulfill the requirements for high-density hard disks. The PAMM (Perpendicular Anisotropy Master Medium) with CoPt magnetic layer has been proposed in order to improve the printing characteristics. However, it is worried that maze domain of the CoPt film may be printed on the hard disks. In this study, influence of the domain of the PAMM on the printing characteristics is analyzed by using micromagnetic simulation. As a result, it is clarified that the maze domain is not printed on the recording layer in the actual printing process even if the CoPt film has maze domain structure without external field.
Introduction
Magnetic printing is a promising way to write servo signals with high speed, high accuracy and low cost to fulfill the requirements for high-density hard disks [1] . The PAMM (Perpendicular Anisotropy Master Medium) with CoPt magnetic layer has been proposed in order to improve the printing characteristics [2] , [3] . Figure 1 shows an MFM mage of a CoPt thin film. It is worried that such maze domain of the CoPt film as that shown in Fig. 1 may be printed on hard disks during printing process. However, the influence of the maze domain on the printing characteristics has not been discussed in detail. In this study, influence of the domain of the PAMM on the printing characteristics is analyzed by using micromagnetic simulation. Fig. 2 shows printing process used in this study. First, the recording layer is saturated by the initial magnetic field H i (Fig. 2 (a) ). Second, a CoPt film with maze domain is contacted with the recording layer ( Fig. 2 (b) ). Third, printing field H a is applied in the opposite direction of the H i (Fig. 2 (c) ). Next, the printing field is removed. After the removal of the field, two cases are possible. One of them is shown in Fig. 2 (d) , namely, the CoPt film does not have maze domain. And the other is shown in Fig. 2 (e) , namely, the CoPt film has maze domain. The calculation is performed for these two cases. Fig. 3 shows the calculation model. The CoPt film was formed into stripe pattern. The track width was set to be infinity, and the thickness was set to 30 nm, and bit length was set to 50 nm. Table 1 shows the magnetic parameters of the CoPt film. First, the magnetization distribution of the CoPt film was calculated by using the LLG equation for the AC-erased CoPt film and for the film during application of the printing field H a in the perpendicular direction, from which the recording field distribution near the CoPt film was obtained. Next, the magnetization distribution of the recording layer was calculated by the LLG equation under the obtained recording field. The recording layer was assumed to be a CGC (Continuous-Granular-Coupled) medium [4] . (Fig. 4 (a) ) and the recording layer after being contacted with the AC-erased CoPt film (Fig. 4 (b) ). White areas in Fig. 4 represent M z /M s = 1 and black areas represent M z /M s = -1, and there is no magnetic film in gray areas. Initial magnetization M z /M s of the recording layer was set to -1. From Fig. 4 , it is found that there is maze domain directed upward and downward in the film (Fig. 4 (a) ), and that the domain is printed on the recording layer (Fig. 4 (b) ). The printed position in the recording layer mainly corresponds to the domain wall of the maze domain of the CoPt film. Fig. 5 shows the perpendicular and the in-plane components of the stray field from the maze domain along cross track direction. As shown in Fig. 5 , the perpendicular component is generated from each domain, and the in-plane component is strong near the domain wall. This result suggests that the in-plane component plays an important role in printing of the domain. Fig. 6 shows magnetization distributions of the CoPt film during application with printing field H a of (a) 2, (b) 4, and (c) 6 kOe. As shown in Fig. 6 , the magnetization of the CoPt film was saturated at H a of 4 kOe. Fig. 7 shows magnetization distributions of the recording layer during application with H a of (a) 2, (b) 4, and (c) 6 kOe. As shown in Fig. 7 , the stripe pattern of the CoPt film was clearly printed on the recording layer, and there is no effect of the maze domain in H a of 4 and 6 kOe. It is because the magnetization of the CoPt film is saturated as shown in Fig. 6 (b) and (c). Some jaggedness at the transition is due to the dispersion of Hk and c-axis in the recording layer shown in Table 1 . Fig. 8 shows printing field dependence of the printing performance. The printing performance [5] was estimated by using Eq. (1), ,
Simulation
where M z ideal is the z-component of an ideally printed magnetization and M z cal is the z-component of the calculated magnetization. If the master pattern is ideally printed on the recording layer, this value becomes 100 %. As shown in 8 , it is understood that the optimum printing field exists. Since the higher printing field makes the reversed area extend, the printing performance degrades with higher printing field. From the experiment in the previous study [1] , printed signals are applicable to servo signals when the printing performance is over 70 %. The maximum value of the printing performance of this study is about 80 %. Moreover, higher printing performance can be obtained by optimizing the pattern size of the master medium [5] . Fig. 9 shows a plan view of the magnetization distributions of CoPt film ( Fig. 9 (a) ) and recording layer (Fig. 9  (b) ) when printing field H a of 4 kOe is applied and then the printing field is been back to zero (case Fig. 2 (d) ). The magnetization of CoPt film does not form the maze domain. As shown in Fig. 9 (b) , it is found that the magnetization distribution of the recording layer is the same as that in Fig. 7 (b) . This is because the magnetization of the CoPt film is saturated as shown in Fig. 9 (a) , even if the printing field is removed, and the magnetization of CoPt film does not affect the magnetization of the recording layer. Fig. 10 shows the magnetization distribution of recording layer when the CoPt film with maze domain shown in Fig. 4 (a) is in contact with it. From Fig. 10 , it is found that the maze domain of the CoPt film is not printed on the recording layer. When the magnetization of the recording layer is DC-erased, the demagnetizing field of the recording layer is about 7.5 kOe. On the other hand, the demagnetizing field of the printed area of recording layer, which is shown in Fig. 7 (b) , is about 3 kOe. Moreover, the maximum value of the stray field of CoPt film with maze domain is about 4 kOe. Namely, the sum of the stray field and the demagnetizing filed of the printed area is about 7 kOe at most, which is not enough to cause the magnetization reversal of the recording layer. Thus the maze domain of the CoPt film does not influence the printed recording layer. Therefore, when the optimum printing field is applied, the maze domain has no effect on the printing characteristics even if the maze domain appears in the CoPt film.
Conclusion
In this study, influence of the domain of the CoPt film of the PAMM on the printing characteristics was analyzed. As a result, it was clarified that the domain is not printed on the recording layer in the actual printing process even if the CoPt film has maze domain structure without external field.
